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Objectives: To measure survival, haemodynamic function and functional class in patients with systemic
sclerosis associated pulmonary arterial hypertension (SSc-PAH) in two treatment eras.
Methods: Six year longitudinal study of 92 consecutive patients with SSc-PAH diagnosed by cardiac
catheterisation. Data were collected both prospectively and retrospectively. Patients were given basic
treatment (diuretics, digoxin, oxygen and warfarin). Where clinically indicated, a prostanoid was used as
advanced treatment (historical control group). From 2002, the range of treatments available expanded to
include bosentan, which was generally the preferred treatment (current treatment era group). Survival was
measured from the date of diagnosis of pulmonary hypertension by cardiac catheterisation. Six minute
walking distance and haemodynamic function were measured at the time of diagnosis and at least one
month after treatment was started.
Results: The historical control group comprised 47 patients, all of whom received basic treatment; 27 of
these were also treated with prostanoids. The current treatment era group comprised 45 patients, all of
whom received bosentan as preferred treatment. Kaplan–Meier survival in the historical control group was
68% at one year and 47% at two years. Survival in the current treatment era group was 81% and 71%
(p = 0.016) at one and two years, respectively. Pulmonary vascular resistance increased in the historical
control group (by 147 dyn?s?cm25), whereas in the current treatment era group, it remained stable over
an average of nine months (decrease of 16 dyn?s?cm25, p , 0.006).
Conclusion: Survival of selected patients with SSc-PAH has improved in the current treatment era. In
contrast to patients treated historically with basic drugs and prostanoids, patients treated in the current
treatment era had improved survival associated with a lack of deterioration in cardiac haemodynamic
function.

P
atients with systemic sclerosis associated pulmonary
arterial hypertension (SSc-PAH) in World Health
Organization (WHO) functional class III or IV have a

very poor prognosis; survival in the first year after diagnosis
has been estimated at around 55%.1 2 Death is usually caused
by right heart failure as a result of increased pulmonary
vascular resistance (PVR), the cause of which is unclear.3

Basic medical treatment consists of diuretics, digoxin, anti-
coagulation and oxygen. Intravenous prostanoids, potent
systemic and pulmonary vasodilators, improve haemo-
dynamic function and functional class in patients with
idiopathic pulmonary arterial hypertension and SSc-PAH.3–5

Survival of patients with idiopathic pulmonary arterial
hypertension has improved but this has not been shown in
patients with SSc-PAH.5–7

In recent years, the drugs available for the treatment of
SSc-PAH have expanded to include inhaled and subcuta-
neous prostanoids and now the endothelin-1 antagonists. In
the UK funding for these drugs has become more readily
available and we are now using these drugs in higher doses
and in combination.

The prostanoids use cyclic AMP as a second messenger
promoting pulmonary vascular dilatation and inhibiting
smooth muscle proliferation, making them candidates for
the treatment of pulmonary arterial hypertension.8

Endothelin-1, a 21 amino acid peptide, is a potent
endogenous vasoconstrictor thought to play an important
part in the pathogenesis of pulmonary hypertension.9

Endothelin-1 is a potent mitogen affecting smooth cells and
fibroblasts and is associated with inflammatory processes.10–12

Endothelin binding sites have been found in association with
fibrosis in the skin, lung and kidneys.12 13 Endothelin-1 has
also been found to be raised in patients with systemic
sclerosis.14 15 Bosentan, a non-peptide antagonist blocking
both endothelin A and B receptors, which mediate the
biological effects of endothelin-1, has recently been licensed
for the oral treatment of pulmonary arterial hypertension in
patients in WHO functional class III.

There is little information on the long term effects of
advanced treatments on survival, functional class and
haemodynamic measurements in patients with SSc-PAH. In
this longitudinal study, we present the survival, haemody-
namic changes, functional capacity and symptoms in patients
with SSc-PAH in two cohorts of patients. The first group were
treated with basic drugs and prostanoids. The second group
were given basic drugs and a modern treatment approach.

METHODS
Setting
We studied patients with systemic sclerosis who were
referred to the national pulmonary hypertension unit at
the Royal Free Hospital, London specialising in connective
tissue disease associated pulmonary arterial hypertension.
Before 2002 only prostanoids (as advanced treatment) were

Abbreviations: BREATHE-1, bosentan: randomized trial of endothelin
receptor antagonist therapy for pulmonary hypertension; CI, confidence
interval; HR, hazard ratio; mPAP, mean pulmonary artery pressure; SSc-
PAH, systemic sclerosis associated pulmonary arterial hypertension;
SMWT, six minute walk test; WHO, World Health Organization
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available to treat these patients, but funding for this
therapeutic intervention was difficult to obtain. Since 2002
the range of treatments available has widened and patients’
acceptance of these treatments has increased.

Patient selection
All patients fulfilled the American College of Rheumatology
preliminary classification for systemic sclerosis.16 Between
1998 and 2004, 185 patients with SSc-PAH were being
followed up. Patients were included in or excluded from the
study on the basis of the following criteria.

Inclusion criteria
We used the criteria applied to trials with inhaled iloprost,
subcutaneous treprostinil and bosentan to select patients for
treatment with bosentan as the preferred treatment in the
current treatment era.17–20 In these trials exercise capacity of
150–450 m and total lung capacity of . 70% were used.
These correlated with the mid-range of our patient popula-
tion. Patients in WHO classes I or II and with severe fibrosis
or end stage disease were not enrolled. In an attempt to have
matched cohorts, we used the same criteria retrospectively to
select patients for the historical control group from the total
SSc-PAH population. Therefore, the groups were equally
matched concerning disease severity.

Inclusion criteria were: (1) pulmonary hypertension rest-
ing mean pulmonary artery pressure (mPAP) . 25 mm Hg,
pulmonary capillary wedge pressure , 15 mm Hg and PVR
. 240 dyn s cm25; (2) WHO functional class III or IV
established with the patient treated conventionally; and (3)
six minute walk test (SMWT) distance of , 450 m.

Exclusion criteria
Patients were excluded from both the historical control and
current treatment era groups for one or more of the following
criteria: (1) WHO functional class I or II, as there had been no
trial evidence of benefit of treatment in this group; (2)
interstitial pulmonary fibrosis resulting in total lung capacity
of , 60% and either mPAP , 35 mm Hg or oxygen satura-
tions at rest on air of , 85%, or both, as excluded from other
pulmonary hypertension treatment trials; and (3) cardiac
index , 2.1 l/min/m2, right atrial pressure . 11 mm Hg and
mixed venous oxygen saturation , 63%, substituted for
SMWT , 150 m (used in other trials). We found that the
SMWT was affected by the musculoskeletal element of the
patient’s associated connective tissue disease rather than by
the severity of their pulmonary hypertension.

Basic treatment
Both the historical control group and the current treatment
era group received basic treatment. This comprised diuretics
(loop diuretics and spironolactone), digoxin, oxygen (at least
16 hours in every 24 hour period) if resting oxygen saturation
was , 90% and warfarin. Calcium channel blockers (nifedi-
pine, diltiazem and amlodipine) prescribed for Raynaud’s
phenomenon were continued. High dose calcium channel
blockers were rarely used and withdrawn within six months
because of lack of effectiveness.

Advanced treatment
Patients received advanced treatment with either prostanoids
or bosentan according to best practice at the time (table 1).
Before 2002, patients meeting criteria for advanced treatment
received prostanoids (historical control group). Intravenous
iloprost has been the prostanoid of choice during both eras,
as it requires only once daily administration, and in our
population with reduced digital dexterity, this was thought
useful for compliance and reduction of infection. In the
current era bosentan was the preferred treatment (current
treatment era group). For the analysis, we used an intention
to treat method. Patients treated as part of the historical
control group with a prostanoid remained in this group even
if they subsequently were treated with a newer approach.
Intravenous prostanoids were added to or substituted for
preferred treatment when clinically indicated—for example,
if the patient deteriorated or could not tolerate the preferred
treatment.

Historical control group
Advanced treatment consisted predominantly of intravenous
iloprost (Ilomedin; Schering) or intravenous epoprostenol
(Flolan; GlaxoSmithKline), and a few patients included in
this study received inhaled iloprost (Ilomedin) or a sub-
cutaneous prostacyclin analogue (treprostinil (UT15);
Myogen). The choice of prostanoid and its mode of
administration were determined for clinical and logistic
reasons by both the supervising clinician (JGC) and the
patient’s preference. The mode of administration and the
dosage of prostanoids were continually reviewed and were
changed for clinical reasons or if patients developed adverse
effects. For example, patients who developed leg cramps with
intravenous iloprost were switched to epoprostenol and
patients who deteriorated when taking inhaled iloprost may
have been switched to intravenous iloprost.

Current treatment era
Patients received a starting dose of bosentan 62.5 mg twice
daily and this was increased and maintained at 125 mg twice
daily after four weeks. Liver aminotransferases were routi-
nely checked in patients treated with bosentan because of its
known adverse effects on hepatocellular enzymes.

Patients deteriorating despite preferred treatment started
prostanoids either in combination with preferred treatment
or on their own. Prostanoid doses were subsequently
escalated as tolerated by the patients.

Patients were reviewed at least every three months in the
pulmonary hypertension unit. No patients were lost to follow
up. The vital status of all patients was confirmed in August
2004.

WHO functional class
WHO functional class and haemodynamic data were col-
lected at baseline, before treatment was started and at six
months.

Six minute walk test
Patients performed the SMWT in accordance with the
American Thoracic Society guidelines.21 Patients who were
unable to perform the test were recorded as achieving a
distance of 0 m. In the current treatment era group SMWT
distances were measured at the start of treatment and after
three months, six months and one year. SMWT distance data
were collected retrospectively for the majority of the patients
in the historical control group. Data were not available for
some patients treated before 2002 when the government
sponsored National Specialty Commissioning Group database
was initiated.

Table 1 Dose of prostanoids used

Prostanoid Dose*

Inhaled iloprost 10 mg/inhalation 6–9 times/day up to
20 mg/inhalation 6–9 times/day

Treprostinil 2.5–50 ng/kg/min
Intravenous iloprost 2–16 mg/kg/min
Intravenous epoprostenol 2–40 ng/kg/min

*Increased as tolerated.
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Right heart catheterisation
Right heart catheterisation was performed in accordance
with our previous reported protocol.22 Follow-up right heart
catheterisations were performed to assess the response to
treatment and for clinical indications in patients who
deteriorated. Our clinical practice was to perform follow-up
right heart catheterisation three to six months after advanced
treatment was started and thereafter annually. Only the
haemodynamic data collected by the preset time intervals
were included for analysis. Follow-up cardiac catheterisation
in both groups was not performed for the following reasons:
death (17), severe morbidity (4), severe right heart failure
(2), patient refusal (6) and non-clinical reasons within the
one year time interval (5).

Statistical methods
Patients were followed up from the date of diagnosis of SSc-
PAH. This date was defined as the baseline date. Follow up
ended on death or on 2 August 2004, whichever occurred
earlier.

We examined changes in survival between the historical
control group and the current treatment era group of patients
by Kaplan–Meier methods. We then investigated the factors
associated with increased survival by using Cox proportional
hazards regression models.23 The potential explanatory
factors that were investigated were use of bosentan, presence
of diffuse or limited scleroderma, sex, mPAP, PVR, age,
calendar year of diagnosis and presence of pulmonary
fibrosis. Factors that were significant at p , 0.05 in a single
variable analysis were included in a multivariable analysis.
We analysed the percentage changes in PVR, mPAP and
cardiac index before and after advanced treatment was
started in the two groups by the two-sample t test.

Lastly, we carried out a sensitivity analysis investigating
overall survival in these patients. We fitted a Cox proportional

hazards regression model to investigate factors associated with
overall survival. We considered the use of bosentan to be a time
updated covariate rather than a binary (yes/no) covariate.

RESULTS
From a total population of 185 patients with SSc-PAH
diagnosed from 1998 to 2004, 93 patients were excluded from
this study. The reasons for exclusion are listed below:

N WHO functional class I or II (n = 38): 22 patients from
the historical treatment era and 16 patients from the
current treatment era.

N Significant interstitial pulmonary fibrosis (n = 18): 10
patients from the historical treatment era and eight from
the current treatment era.

N Higenbottam criteria for starting intravenous prostanoid
and significant haemodynamic compromise (n = 37): 22
patients from the historical treatment era and 15 patients
from the current treatment era.

After applying our inclusion and exclusion criteria we
further analysed 92 patients in this study. There were 47
patients in the historical treatment era and 45 in the current
treatment era. The groups did not differ significantly in terms
of age, sex or baseline cardiopulmonary haemodynamic
function. Table 2 shows baseline demographic data with
comparisons between the current treatment era group and
the historical control group.

Survival
Kaplan–Meier analysis showed one and two year survival
rates of 81% and 71%, respectively, in the current treatment
era and 68% and 47% in the historical group (fig 1)
(p = 0.016, log rank test).

Table 3 shows the results of the Cox proportional hazard
regression models investigating the factors associated with
survival. Univariable analysis showed that higher baseline
mPAP, higher baseline PVR, being in WHO class IV and being
in the historical control group were associated with a
decreased survival. Bosentan as the preferred treatment
reduced the risk of death by 54% (hazard ratio (HR) 0.46,
95% confidence interval (CI) 0.23 to 0.92, p = 0.028). The
risk of death increased by 11% for every 10 mm Hg increase
in mPAP (HR 1.46, 95% CI 1.13 to 1.888, p = 0.0038). The
risk of death increased by 15% for every 100 dyn?s?cm25

increase in PVR at the time of diagnosis (HR 1.15, 95% CI
0.64 to 2.07, p = 0.0075). Patients in WHO class III at
baseline had a 48% reduction in their risk of dying compared

Table 2 Baseline demographic data of historical control
and bosentan treated groups of patients with systemic
sclerosis associated pulmonary arterial hypertension

Current
treatment era
(n = 45)

Historical
controls
(n = 47) p Value

Mean age (years) 60 (11.3) 58 (11.1) NS
Sex (men/women) 7/38 7/40 NS
Time from diagnosis to start
of bosentan or prostanoid
(days)*

36 (0–512) 72 (0–506) ,0.0001

SMWT distance (m) 207 (0–538) 179 (0–471)� 0.1
mRAP (mm Hg) 8 (6.1) 7 (4.4) NS
mPAP (mm Hg) 40 (11.8) 40 (11.4) NS
MAP (mm Hg) 102 (18) 95 (15) NS
PVR (dyn?s?cm–5) 613 (345) 597 (359) NS
Cardiac index (l/min/m2) 2.6 (0.7) 2.7 (0.9) NS
WHO functional class

III 26 (58%) 36 (77%) 0.054
IV 19 (42%) 11 (23%)

Scleroderma subset (%)
Limited 43 (96%) 34 (72%) 0.0026
Diffuse 2 (4%) 13 (28%)

Patients with pulmonary
fibrosis

14 (31%) 22 (46%) NS

Data are presented as the number (percentage) of patients, mean (SD) or
median (range).
Comparisons were by x2 test, two sample t test and Mann–Whitney U test
as appropriate.
*This includes 27 patients in the historical control group, as not all
patients in this group started prostanoids; �data available on only 30
patients, a significantly higher proportion of whom were in class IV.
MAP, mean arterial pressure; mPAP, mean pulmonary artery pressure;
mRAP, mean right atrial pressure; NS, not significant at p,0.1; SMWT,
six minute walk test; WHO, World Health Organization.
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Figure 1 Kaplan–Meier analysis showing mortality among patients
with systemic sclerosis associated pulmonary arterial hypertension (SSc-
PAH). Historical group: one year survival 68%, two year survival 47%;
current treatment era group: one year survival 81%, two year survival
71%.
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with those in class IV at baseline (HR 0.52, 95% CI 0.29 to
0.96, p = 0.036).

In a multivariable analysis of all variables, only the era of
treatment was associated with improved survival and was
associated with a 60% reduction in the risk of dying (HR 0.40,
95% CI 0.19 to 0.84, p = 0.016).

Six minute walk test
SMWT data were available for analysis for only 30 (64%) of
the 47 patients in the historical control group (16 of the 17 for
whom data were not available were in class III) but for all the
patients (45; 100%) in the current treatment era group. To
investigate whether the baseline SMWT distance was
associated with survival, we analysed a subgroup of 75
patients (45 current treatment era patients and 30 historical
control patients) who had measurements at baseline.
Univariable analysis showed a significant association
between SMWT distance and survival. In both groups,
survival increased by 24% for every 100 m further a patient
could walk (HR 0.76, 95% CI 0.58 to 0.98, p = 0.037). This
effect, however, was not significant in a multivariable
analysis (HR 0.81, 95% CI 0.59 to 1.12, p = 0.20).

Survival in subgroups
The presence or absence of mild pulmonary fibrosis (HR 1.15,
95% CI 0.64 to 2.07, p = 0.64) and type of scleroderma,
whether diffuse or limited (HR 1.04, 95% CI 0.50 to 2.17,
p = 0.91), had no significant impact on survival.

Changes in haemodynamic function
Haemodynamic data were available for 28 patients in the
current treatment era group at both baseline and during
follow up at a median (range) of 350 (41–1007) days after the
first catheterisation and for 32 patients in the historical
control group at a median of 225 days (79–896) after the first
catheterisation (table 4). PVR did not change significantly in

the bosentan treated group but increased in the historical
control group. There was a significant difference in the mean
percentage change in PVR of 21.4% (95% CI 21.3% to 10%)
in the current treatment era group compared with a mean
change of 38% (95% CI 13% to 63%) in the historical control
group (p = 0.0058).

WHO class changes
Current treatment era group
Of the 26 patients who were in WHO class III at the time of
starting treatment, after six months of treatment, 2 patients
had died, 12 patients were in WHO class II, 9 patients were in
class III and 3 patients were in class IV. Of the 19 patients
who were in WHO class IV at the time of starting treatment,
after six months of treatment, 4 patients had died, 1 patient
was in class II, 8 patients were in class III, and 6 patients
were in class IV (fig 2).

Historical control group
Of the 36 patients who were in WHO class III at the time of
diagnosis, at six months 3 patients had died, 5 patients were
in class II, 22 patients were in class III and 6 patients were in
class IV. Of the 11 patients who were in WHO class IV at the
time of diagnosis, after six months 3 patients had died, no
patients were in class II, 2 patients were in class III and 6
patients were in class IV.

Time intervals between diagnosis and starting
advanced treatments
Patients started taking either a prostanoid or bosentan only
after the diagnosis of SSc-PAH was confirmed by cardiac
catheterisation. For the 27 patients in the historical control
group who were selected to start prostanoid at the time of
diagnosis, the median delay in starting treatment was 72
days (range 0–512 days). The median delay during the
current treatment era group in starting bosentan was 36 days

Table 3 Results of Cox proportional hazards regression models investigating factors associated with overall survival

Factor Variable

Single variable analysis Multivariable analysis

HR 95% CI p Value HR 95% CI p Value

Treatment group Current treatment era 0.46 0.23 to 0.92 0.028 0.40 0.19 to 0.84 0.016
Historical control 1.00 1.00

Baseline mPAP (mm Hg) Per 10 mm Hg higher 1.46 1.13 to 1.88 0.0038 1.21 0.71 to 2.07 0.48
Baseline PVR (dyn?s?cm25) Per 100 dyn?s?cm25 increase 1.11 1.03 to 1.20 0.0075 1.04 0.89 to 1.21 0.63
WHO class III 0.52 0.29 to 0.96 0.036 0.64 0.32 to 1.27 0.20

IV 1.00 1.00

HR, hazard ratio; mPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance.

Table 4 Changes in haemodynamic function from baseline to follow-up cardiac catheterisation in historical controls and
bosentan treated patients

Factor Variable

Current treatment era Historical control

p Value*Mean 95% CI Mean 95% CI

mRAP (mm Hg) Value at baseline 7.73 5.75 to 8.34 7.04 5.91 to 9.55
Absolute change at follow-up 1.50 20.50, to 3.50 0.16 21.58 to 4.81
% change at follow-up 89% 27.2% to 184% 45% 254.3% to 136% 0.51

mPAP (mm Hg) Value at baseline 40.00 36.53 to 43.48 40.11 36.81 to 43.41
Absolute change at follow-up 1.08 22.05 to 4.20 1.44 21.54 to 4.41
% change at follow-up 3.3% 25.3% to 12% 6.1% 22.26% to 14% 0.64

PVR (dyn?s?cm25) Value at baseline 612.95 508.22 to 717.68 597.31 486.39 to 702.23
Absolute change at follow-up 215.74 296.10 to 64.62 147.34 5.47 to 289. 22
% change at follow-up 21.4% 213% to 10% 38% 13% to 63% 0.0058

Cardiac index
(l/min/m2)

Value at baseline 2.60 2.40 to 2.81 2.73 2.47 to 2.99
Absolute change at follow-up 0.044 20.19 to 0.28 20.22 20.50 to 0.06
% change at follow-up 3.7% 25.1% to 13% 25.2% 215.2% to 4.7% 0.17

*p Values calculated two-sample t test.
mPAP, mean pulmonary arterial pressure; PVR, pulmonary vascular resistance; RAP, right atrial pressure.
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(range 0–506 days). The principle reason for the delay in
starting either advanced treatment was securing agreement
from the patients’ National Health Service funding autho-
rities that the treatment could be started.

Use of bosentan in historical control group
Two (4%) patients from the historical control group were
treated with bosentan (fig 3): the first, at the patient’s
request, and the second due to recurrent Hickman line
infection. The second patient later started iloprost because of
clinical deterioration. The addition of bosentan was consid-
ered for a further four patients but this was not possible
because of the failure to obtain health authority funding.

Use of prostanoids in the current treatment era group
Fourteen (31%) patients initially treated with bosentan were
switched to prostanoid because of clinical deterioration
(fig 3). Five of these patients remained on bosentan in
combination with iloprost because of clinical deterioration
when attempts were made to withdraw bosentan. These
patients’ median time to starting prostanoid was 204 days
(range 89–726 days). Six (13%) patients discontinued
bosentan because of abnormal liver aminotransferases, all
of whom were subsequently treated with inhaled iloprost.
These patients’ median time to discontinuing bosentan was
149 days (range 43–267 days).

DISCUSSION
This is the first study to show an improved survival in a group
of patients with SSc-PAH. PVR increased significantly in the
historical control group but not in the current treatment era
group. These data suggest that modern treatment improves
survival probably by modifying the disease process and
cardiopulmonary haemodynamic function.

Historical treatment era (n = 36) Current treatment era (n = 26)

Historical treatment era (n = 11)

WHO class at 6 months of patients with baseline WHO class of grade III

WHO class at 6 months of patients with baseline WHO class of grade IV

Current treatment era (n = 19)

Grade IV
(n = 6)

Grade III
(n = 22)

Died
(n = 3) Grade II

(n = 5)
Grade IV
(n = 3)

Grade III
(n = 9)

Died
(n = 2)

Grade II
(n = 12)

Grade IV
(n = 6)

Grade III
(n = 2)Died

(n = 3)

Grade IV
(n = 6)

Grade III
(n = 8)

Died
(n = 4)

Grade II
(n = 1)

Figure 2 Change in World Health
Organization (WHO) class from
baseline to six months in patients in
class III (top) and class IV (bottom) at
baseline.
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Figure 3 Graph showing type of advanced treatment and number of
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diagnosis of pulmonary arterial hypertension.
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We studied two cohorts of patients, all of whom had the
same underlying pathophysiological process, similarly severe
functional disability and similar baseline characteristics in
terms of age, sex and cardiopulmonary haemodynamic
function. More patients in the historical control group (36
patients; 76.6%) than in the current treatment era group (26
patients; 57.8%; p = 0.054) were in WHO class III. Although
this was not significant, it may be considered to favour
survival of those patients from the historical treatment era.
The study population was therefore a high risk, homogeneous
group with similar disease severity. We used modified
BREATHE-1 (bosentan: randomized trial of endothelin
receptor antagonist therapy for pulmonary hypertension)
criteria to select patients in both the historical control and the
current treatment era to have groups comparable regarding
functional class (symptoms), haemodynamic function and
exercise capacity (SMWT). The BREATHE-1 study excluded
patients with an SMWT distance of , 150 m. We had noted a
poor correlation between SMWT and haemodynamic func-
tion in patients with musculoskeletal disease (SSc) and
believed that a haemodynamic threshold for automatic
intravenous treatment was more appropriate for our popula-
tion.

Starting advanced treatments was significantly delayed in
the historical control group compared with the current
treatment era group (p , 0.0001) and this may have
contributed to the improved survival of those patients treated
more recently. Survival is probably improved by the timely
introduction of advanced treatments.

There is little information concerning survival of patients
with SSc-PAH because they have constituted only a small
proportion of the study populations in previous studies.17 18

This is important when investigating survival and the
possible influences of evolving treatments because the
pathophysiological processes and survival may differ between
the different types of pulmonary hypertension.24–26

Survival in the historical treatment era (or era before
endothelin-1 antagonists)
Koh et al27 reported a median survival of 12 months in 17
patients with SSc-PAH, and Kawut et al2 reported a one year
survival of 55% in 22 patients with SSc-PAH. In a large cohort
of patients with SSc-PAH we have previously observed
survival rates of 81%, 63% and 56% at one, two and three
years, respectively, between 1998 and 2002 in patients with
SSc-PAH in all functional classes.22 However, these patients
were at both ends of the risk spectrum and had generally
lower mean pulmonary arterial pressures. Those patients at
low and very high risk have been excluded from the current
study. Those at low risk did not receive any treatment.
Comparing survival between these two studies is therefore
difficult.

Survival with prostanoids
Intravenous prostanoids have been shown to improve long
term survival of patients with idiopathic pulmonary arterial
hypertension as compared with historical controls from the
National Institutes of Health registry.27 No such control group
has been available for the SSc-PAH population. No improve-
ment in survival with prostanoid treatment has been
reported, however, for the SSc-PAH population in data
published to date.2 5 28

Treprostinil and survival
Some of the patients in the historical control group were
treated with treprostinil, a prostacyclin analogue given
subcutaneously. This has been shown to improve exercise
capacity, signs and symptoms of pulmonary arterial hyper-
tension and haemodynamic function in patients with

SSc-PAH.19 The greatest benefit from treprostinil was seen
in those patients who could tolerate the highest doses but
infusion site pain prevented dose increases in a large
proportion of patients. The long term effect of treprostinil
in patients with SSc-PAH remains to be established.

Inhaled iloprost and survival
Inhaled iloprost, a stable analogue of prostacyclin, has been
shown to improve WHO functional class, exercise capacity
and cardiopulmonary haemodynamic function in a small
cohort of 35 patients with connective tissue disease asso-
ciated pulmonary arterial hypertension but to a smaller
extent to that seen in patients with idiopathic pulmonary
arterial hypertension.20 The long term effects of inhaled
iloprost in SSc-PAH are unknown and no effects on survival
have been documented.

Survival in the current era
Impact of bosentan in SSc-PAH
In a 12 week double blind placebo controlled pilot study of
patients with pulmonary arterial hypertension (including five
patients with SSc-PAH), bosentan was shown to improve
exercise capacity and haemodynamic function.18

Improvements were similar in a subsequent randomised
controlled study including 47 patients with SSc-PAH in WHO
functional class III or IV in which patients received bosentan
or placebo.16 There was a 3 m improvement in the bosentan
group compared with a 40 m decline in the placebo group.
WHO functional class, time to clinical worsening and
cardiopulmonary haemodynamic function also improved.
These improvements were less notable than those seen in
the idiopathic pulmonary arterial hypertension population.

Impact of advanced treatment on WHO functional
class
There was an overall improvement in WHO functional class
in the current treatment era group of patients, with 47% of
patients improving by one class. Only 15% of patients in the
historical control group improved by one class.

Cardiopulmonary haemodynamic function
We measured cardiopulmonary haemodynamic function in
both the historical control group and the current treatment
era group. Those patients with mPAP . 40 mm Hg and PVR
. 600 dyn?s?cm25 had worse long term outcomes. PVR
increased during follow up in the historical control patients
but did not increase in the current treatment era group. This
suggests that high pulmonary artery pressures identify
patients at high risk who have a poor prognosis and that
reduction in PVR and mPAP are important influences on
survival. Therefore, the improved survival in the current
treatment era group of patients may be due to improved or
lack of deterioration of haemodynamic function, reducing
right heart work with consequent improvements in right
heart failure. In view of the progressive deterioration in
haemodynamic function in our historical control group, the
haemodynamic follow-up data in the current treatment era
patients probably indicated stabilisation of their haemo-
dynamic function rather than merely a lack of pharmaco-
logical effect.

Limitations of the study
Because this was not a randomised controlled study and
some of the patients treated in the current treatment era
received both bosentan and a prostanoid, it is not possible to
attribute this improvement to any specific therapeutic agent
but rather to a more aggressive treatment approach. This has
involved earlier treatment, with more intensive dose regi-
mens and more use of combination drugs.
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As this was an open label study, the WHO class
improvements may have been partially due to a placebo
effect; however, non-subjective parameters such as the
improved survival and cardiac haemodynamic function
cannot be explained by a placebo effect.

End stage patients were excluded from this study, as in the
recent treatment trials. Thus, the conclusions cannot be
applied to end stage patients.

None of our patients received sildenafil, as no published
data support treatment with phosphodiesterase during the
period under analysis. Further work is now required to
establish the place of sildenafil and other phosphodiesterases
in the treatment of SSc-PAH.

Conclusion
We believe this is the first trial to document an improvement
in survival with SSc-PAH. In the absence of properly
conducted randomised trials, the data presented support
bosentan as a reasonable preferred treatment approach for
moderately severe SSc-PAH. When backed by early high dose
prostanoid treatment in patients who do not respond,
preferred treatment with bosentan is associated with
improved survival, well-being and haemodynamic function.

ACKNOWLEDGEMENTS
We thank Dr Simons Gibbs for allowing us to enrol his patients in the
study.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

M H Williams, M R Akram, J Davar, J G Coghlan, Department of
Cardiology, Royal Free Hospital, London, UK
C Das, C E Handler, C P Denton, C M Black, Department of
Rheumatology, Royal Free Hospital, London, UK
C J Smith, Department of Primary Care and Population Sciences, Royal
Free & University College Medical School, London, UK

None of the authors have any financial association that can give conflict
of interest. However, Drs Coghlan and Denton and Professor Black have
unrestricted research grants from and have acted as advisors to
pharmaceutical companies including Actelion, Genzyme and Schering.
They have been investigators in clinical trials sponsored by these
companies.

REFERENCES
1 Rich S, Rubin LJ, Abenhail L, et al. Executive summary from the world

symposium on primary pulmonary hypertension (Evian, France, September 6–
10, 1998). http://www.who.int/ned/cvd/pph.html (accessed 1 Feb 2002).

2 Kawut SM, Taichman DB, Archer-Chicko CL, et al. Hemodynamics and
survival in patients with pulmonary arterial hypertension related to systemic
sclerosis. Chest 2003;123:344–50.

3 Pietra GG, Capron F, Stewart S, et al. Pathologic assessment of vasculopathies
in pulmonary hypertension. J Am Coll Cardiol 2004;43:25S–32S.

4 Laughlin VV, Genthner DE, Panella MM, et al. Reduction in pulmonary
vascular resistance with long-term epoprostenol (prostacyclin) therapy in
primary pulmonary hypertension. N Engl J Med 1998;338:273–7.

5 Badesch DB, Tapson VF, McGoon MD, et al. Continuous intravenous
epoprostenol for pulmonary hypertension due to the scleroderma spectrum of
disease. Ann Intern Med 2000;132:425–34.

6 Barst RJ, Rubin LJ, Long WA, et al. A comparison of continuous intravenous
epoprostenol (prostacyclin) with conventional therapy for primary pulmonary
hypertension. The Primary Pulmonary Hypertension Study Group. N Engl J Med
1996;334:296–302.

7 Barst RJ, Rubin LJ, McGoon MD, et al. Survival in primary pulmonary
hypertension with long-term continuous intravenous prostacyclin. Ann Intern
Med 1994;121:409–15.

8 Clapp LH, Finney P, Turcato S, et al. Differential effects of stable
prostacyclin analogues on smooth muscle proliferation and cyclic AMP
generation in human pulmonary artery. Am J Respir Cell Mol Biol
2002;26:194–201.

9 Channick RN, Sitbon O, Barst RJ, et al. Endothelin receptor antagonists in
pulmonary arterial hypertension. J Am Coll Cardiol 2004;43:62S–7S.

10 Shi-Wen X, Denton CP, Dashwood MR, et al. Fibroblast matrix gene
expression and connective tissue remodelling: role of endothelin-1. J Invest
Dermatol 2001;116:417–25.

11 Rubanyi GM, Polokoff MA. Endothelins: molecular biology, biochemistry,
pharmacology, physiology, and pathophysiology. Pharmacol Rev
1994;46:325–415.

12 Levin ER. Endothelins. N Engl J Med 1995;333:356–63.
13 Abraham DJ, Vanccheeswaran R, Dashwood MR, et al. Increased levels of

endothelin-1 and differential endothelin type A and B receptor expression
in scleroderma-associated fibrotic lung disease. Am J Pathol
1997;151:831–41.

14 Kadono T, Kikuchi K, Sato S, et al. Elevated plasma endothelin levels in
systemic sclerosis. Arch Dermatol Res 1995;287:439–42.

15 Yamane K, Miyauchi T, Suzuki N, et al. Significance of plasma endothelin-1
levels in patients with systemic sclerosis. J Rheumatol 1994;21:1268–76.

16 Preliminary criteria for the classification of systemic sclerosis (scleroderma).
Subcommittee for scleroderma criteria of the American Rheumatism
Association Diagnostic and Therapeutic Criteria Committee. Arthritis Rheum
1980;23:581–90.

17 Rubin LJ, Badesch DB, Barst RJ, et al. Bosentan therapy for pulmonary arterial
hypertension. N Engl J Med 2002;346:896–903.

18 Channick RN, Simonneau G, Sitbon O, et al. Effects of the dual endothelin-
receptor antagonist bosentan in patients with pulmonary hypertension:
a randomised placebo-controlled study. Lancet 2001;358:1119–23.
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